Introduction Since the launch of drotrecogin alfa activated (DrotAA), institutions and individual countries have published data on its use in clinical practice, based on audit or registry data. These studies were limited in size and geographic locale and included patients with greater disease severity and higher mortality than those in clinical trials. The purpose of this study was to compare baseline characteristics and clinical outcomes (using appropriate statistical adjustments) of patients treated or not treated with DrotAA from the international PROGRESS (Promoting Global Research Excellence in Severe Sepsis) cohort study of severe sepsis.
Introduction
Although sepsis is the most common cause of mortality in noncoronary intensive care units (ICU) and the 10th leading cause of death overall in the US, few therapies have improved survival in large clinical trials [1] [2] [3] [4] . Drotrecogin alfa (activated) (DrotAA; recombinant human protein C) has been approved for the treatment of adult patients with severe sepsis and multiple organ failure when added to the best standard care in Europe, and for treatment of those at high risk of death, for example, with Acute Physiology and Chronic Health Evaluation II (APACHE II) scores of 25 or more, in the US.
DrotAA was approved on the basis of a significant mortality reduction observed in the phase 3 Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) clinical trial [5] , together with supportive evidence from a phase 2 study [6] . As with any drug, it is pertinent to ask how the efficacy demonstrated within the confines of a clinical trial translates into effectiveness in every day clinical practice. Since its approval, a number of institutions and countries have published data on the use of DrotAA in clinical practice, based on audit or registry information; with the intent of defining 'real world' experience [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Disease severity and mortality rates tend to be higher in registries or databases than in clinical trials. In nonrandomized studies designed to examine the effectiveness of DrotAA, differences in geography, sample size, data collected, completeness of data collected, comparator groups, and statistical assessment have all varied, making it difficult to directly compare studies. A multi-center Canadian study [9] suggested early DrotAA administration was associated with lower mortality and noted higher bleeding rates compared with the PROW-ESS study. The Polish Registry [10] reported lower mortality in DrotAA-treated compared with non-treated patients and multivariate logistic regression modeling indicated that DrotAA use was the most significant factor reducing mortality in severe sepsis, irrespective of age and clinical condition. An Italian national survey suggested increased bleeding compared with the PROWESS study and significantly reduced crude ICU mortality compared to controls [7] . However, multivariate analysis suggested DrotAA treatment was associated with higher mortality after scheduled surgery. Analyses from a UK audit suggested that a mortality reduction observed in DrotAA-treated patients, compared with matched controls, was consistent with results from the PROWESS trial [12] .
A retrospective review of ICU charts and medical records in the UK found that patients who had received DrotAA had a lower mortality rate than that predicted from APACHE II score and organ dysfunctions [11] . In another retrospective study of patients who had received DrotAA in the US, overall mortality was higher than in the PROWESS study, but patients were younger, had more comorbidities, had greater severity of illness and had a longer mean time from severe sepsis onset to the start of treatment with DrotAA. In patients treated within one day of severe sepsis onset, mortality was similar to those patients in the PROWESS trial with an APACHE II score of 25 or more [15] . PREMISS (Protocole en Réanimation d'Evaluation Médico économique d'une Innovation dans le Sepsis Sévère), a recent, prospective, observational, French study that assessed patients recruited before and after DrotAA licensing, reported that in matched samples from 'real life clinical practice' there was a 75% chance that DrotAA would be cost effective, depending on the 'willingness to pay threshold' [8] . Mortality of the DrotAA group after licensing was numerically reduced by 3.3%.
Finally, Belgian Reimbursement Registry results suggested DrotAA treatment was associated with a mortality reduction compared with Belgian patients not treated with DrotAA from the Promoting Global Research Excellence in Severe Sepsis (PROGRESS) database, after appropriate statistical adjustments for baseline differences [14] . It is important to note that the PROGRESS patients used in these analyses were not treated with DrotAA. Similar results were observed from an individual Belgian hospital using similar techniques and comparisons to Belgian Reimbursement Registry data and the PROWESS trial [13] . Although these studies have largely supported a beneficial effect of DrotAA, after adjusting for imbalances, debate continues as to how well the clinical trial mortality reduction associated with DrotAA treatment translates into real world clinical benefit [16, 17] .
The global PROGRESS registry was developed and designed with the intention of documenting profiles of disease diagnosis (epidemiologic, etiologic, and baseline disease severity data), patient management, and outcomes in real-life clinical settings across several regions of the world. The initial results from this database have recently been reported [18] . Although the PROGRESS registry was not specifically designed to assess the use of DrotAA, it was one of a number of therapeutic interventions on which data was collected. The purpose of the study presented here is to compare baseline characteristics and outcomes of patients receiving DrotAA with those not receiving DrotAA from an appropriately powered international cohort, using appropriate statistical adjustments.
Materials and methods

Study design
PROGRESS was an international, non-interventional, multicenter, prospective, observational study of patients with severe sepsis treated in ICUs. The study was supported by Eli Lilly and Company and executed with the oversight of a steering committee with clear governance rules covering data access, ownership, and publication. This publication was approved by the advisory committee. Patients entered into the study were treated as per the local standard of care without study-specific interventions. Evaluations, procedures, or treatment beyond those used as part of each institution's standard of care were not performed. As a result, ethical review board approval and informed consent were not a uniform requirement; however, most countries obtained ethics review board approval to confirm that informed consent was not required.
Patients
Patients entered into the study must have had a diagnosis of severe sepsis (i.e. two or more systemic inflammatory response syndrome (SIRS) criteria, evidence of infection, and at least one sepsis-induced organ dysfunction (OD)). The definition of severe sepsis used in PROGRESS has been previously described [19] and has undergone recent updates and wider acceptance [20] . Although there was no age limit for participation in the study, this manuscript reports on patients aged 18 years and over enrolled in the registry.
Data collection
The methods of data collection have been described in detail elsewhere [18] . Briefly, for each patient entered into the study, the participating physician or other investigative site personnel completed an electronic data form via a dedicated, secure website. When data entry was completed (i.e. baseline measurements, therapies, follow-up, outcome etc.), the patient record was closed by investigative site personnel. Patients with records that remained incomplete due to data (n = 258) or technical limitations (n = 130) were not included in the reporting database. Due to the nature of the database, safety information was not captured.
Statistical methods
The primary objective of this study was to document demographics, management, and outcomes in patients with severe sepsis across several regions of the world. Baseline characteristics and hospital mortality of patients who did and did not receive DrotAA were analyzed. Continuous variables were summarized as means and analyzed using nonparametric analysis of variance (ANOVA), which is equivalent to the Wilcoxon rank-sum test in the two-group case. Qualitative variables were summarized with frequencies and analysed using Pearson chi-squared test.
Due to the nonrandomized nature of the study, baseline imbalances between patients with and without DrotAA therapy existed, therefore an adjusted mortality analysis was performed using propensity scores [21] . Additional details and discussion concerning propensity score development can be viewed in Additional data file 1. Variables used as candidates in the modeling process were clinically relevant baseline variables for which relatively few data values were missing and were strong univariate predictors of the response variable. The response variable for the propensity model was the dichotomous variable for treatment, DrotAA vs. non-DrotAA. The response variable for the mortality model was the dichotomous variable for hospital mortality, alive vs. dead. Most variables were analyzed using the values that were actually collected, but the levels of some multinomial variables (e.g. region) were collapsed to facilitate the construction of stable models.
Model development was broken into two phases: propensity model development and mortality model development. The propensity model consisted of stepwise elimination procedures and assessment of improvement in baseline imbalances [Table S1 in Additional data file 1 for additional details]. Mortality models consisted of similar stepwise elimination procedures and incorporation of results from the propensity model. Both models were developed using a variant of backwards stepwise logistic regression. Model development began with inclusion of more than 45 candidate variables. Variables were evaluated and those with the highest P value (i.e. non-significant) sequentially eliminated in subsequent rounds of analysis until all variables in the model were statistically significant as determined by the Wald chi-squared test and a pre-specified exit threshold of 0.05 (e.g. model 17 in results section, with no further development).
Once all variables were significant, elimination was suspended, and those previously eliminated were reevaluated individually and reintroduced into the model one at a time. If the variable was found to be statistically significant (i.e. ≤ 0.05) in the current model setting, it was left in. If adding this variable to the model resulted in a different variable becoming insignificant, the insignificant variable was dropped in the next round of development. This process was continued until all variables in the model were statistically and clinically relevant (e.g. models 6-12, and 17 in results section).
Additional mortality models were developed in a forward manner. These models began with one covariate, propensity quartiles, and tested addition and exclusion of variables representative of DrotAA use (e.g. models 1 to 5 in results section). Additional mortality models were developed to test specific combinations of covariates (e.g. model 16 in results section). Several models were developed to illustrate the effect of including raw and imputed APACHE II score in multivariate models (e.g. models 13 to 15 in results section). Model performance was determined by the R-square and Hosmer and Lemeshow Goodness of Fit statistics. Odds ratios for the mortality model along with their 95% confidence intervals were also calculated for treatment vs. no treatment. Estimates of relative risk reduction were based on the average patient using the formula presented by Zhang and Yu [22] . Country was not used as a factor to predict either treatment administration or mortality because of low counts and outside influences (e.g. availability of DrotAA, methods of payment, reimbursement programs, treatment philosophies that inconsistently affected DrotAA usage across countries and could not be adjusted for in the model). APACHE II score was not used in the propensity model, due to the large number of missing observations (about 27%). However, mortality models with the APACHE II score both raw and imputed are presented for comparative purposes only.
Active Cancer is the only comorbidity variable presented in the mortality model table due to low data counts, lack of predictability, or multivariate parameter estimates with biologically implausible behavior in the multivariate setting based on clinical knowledge of the other variables representing comorbidity.
Results
PROGRESS was an observational study performed in 37 countries at 289 sites. The PROGRESS website enrolled patients from December 2002 until December 2005. Patient eligibility and enrollment is shown in Figure 1 . There were 14,543 patients entered in the PROGRESS database. Of these, 388 had records that could not be verified and closed and 370 were pediatric patients. In 1215 of the resulting 13,785 patients, sites were unable to confirm a final diagnosis of severe sepsis. Of the 12,570 patients with closed records and confirmed severe sepsis, 78 had missing DrotAA treatment assignment, leading to 12,492 patients being used in these analyses [18] .
Demographics of adult patients with severe sepsis from the PROGRESS registry are displayed in Table 1 . Approximately 7% of the patients in the database received DrotAA (882 of 12,492). There were significant imbalances between patients that received DrotAA and those that did not in all baseline demographics except for gender. Patients were more likely to have been administered DrotAA (i.e. greater than the overall (page number not for citation purposes) rate of 7%) if they were younger, or if they were from the US. Patients were also more likely to have received DrotAA if they were transferred from the emergency room (ER; 8.6%, 238 of 2760), another hospital (8.6%, 143 of 1658), or another ICU (12.2%, 47 of 385). Table 2 presents clinical characteristics of PROGRESS adult patients with severe sepsis. In all clinical characteristics, with the exception of patients with Gram-negative infections and the primary site of infection, baseline imbalances were present between patients who received DrotAA and those that did not. Elective surgical patients (surgery performed in the previous seven days but scheduled more than 24 hours prior to ICU admission) were more likely to have received DrotAA (9.5%, 127 of 1332) than patients who had emergency surgery (6.3%, 215 of 3388). A greater proportion of patients with four SIRS criteria received DrotAA (8.4%, 526 of 6289), as well as those with community acquired infections (8.1%, 529 of 6562). Patients with fungal infections were more likely to be treated with DrotAA (9.5%, 103 of 1089), followed closely by Gram-positive infections (9.2%, 371 of 4039).
Intensive care treatment that patients in the PROGRESS database received is displayed in Table 3 . In all instances except when receiving unfractionated heparin, patients administered DrotAA received significantly higher levels of care. Particularly notable (>15% difference) were the higher levels of vasopressor use, low-dose steroid use, and use of mechanical prophylaxis for venous thrombotic events (VTE).
Disease severity measures of patients in the database are presented in Table 4 . Although DrotAA patients were younger (Table 1) , they had statistically significant higher disease severity scores by all measures except for Simplified Acute Physiology Score II (SAPS II) score (the smallest subgroup). Consistent with this, a greater proportion of patients receiving DrotAA had three or more OD and DrotAA patients also experienced a greater degree of cardiovascular, respiratory, renal, and metabolic OD. Table 5 displays the comorbidities of patients in PROGRESS. Departing somewhat from previous parameters, particularly supportive care and disease severity, there were proportionately fewer imbalances, and comorbidities were all numerically greater (as measured by percentage) in the non-DrotAA group. Patients receiving DrotAA treatment were significantly less likely to have active cancer, congestive heart failure, and chronic renal insufficiency compared with those who did not receive DrotAA.
Country-specific enrollment and DrotAA use data are presented in Table 6 . Germany was the highest enrolling country of the PROGRESS Registry and the US had twice the number of patients treated with DrotAA as the next highest country (Canada). Enrollment numbers did not correlate with DrotAA use.
The effect of treatment with DrotAA on in-hospital mortality was assessed by developing a collection of logistic regression models. Multiple models were developed to ensure that conclusions of the analysis were not being dominated by individual covariates and to present variations of differing models with statistically relevant and clinically logical covariates. A suite of models is presented in Table 7 to represent consistency of results across varying methodologies and covariate combinations. Each model was comprised of differing covariates and combinations of covariates and is presented with the corresponding performance statistics, odds ratios, and relative risk reduction calculations for treatment. Other than the first two models, presented only as baseline representation, the R 2 values for each model were relatively similar, ranging from 0.128 to 0.278. Model fit did vary depending on the covariate combinations, but overall relative risk reduction, ranging from 13% to 18%, shows that regardless of the choice of sta- (page number not for citation purposes) tistically significant and clinically relevant covariates or combinations of covariates, treatment with DrotAA consistently resulted in a relative reduction in the risk of mortality. Given that the US contributed the largest proportion of DrotAA patients for a single country, sensitivity analyses were run without the US data, and similar results were observed (i.e. all double digit relative risk reduction, data not shown).
Overall registry mortality remained stable over the duration of the study (data not shown). Clinical outcomes and mortality data are presented in Table 8 . Numerically fewer DrotAA patients were discharged to the community and more were discharged to extended or chronic care institutions, compared with those patients not receiving DrotAA. Although in-hospital mortality was similar between groups, after adjusting for imbalances (see above), patients receiving DrotAA had a 28% reduction in the odds of death and a relative risk reduction of 17% (using Model 9). Model covariates were age, separate flags for seven ODs (cardiovascular, respiratory, hematologic, renal, hepatic, metabolic, and central nervous system), active cancer, and propensity quartile.
Discussion
With 12,492 patients in 37 countries, PROGRESS is the largest severe sepsis registry to date. PROGRESS has provided important information on the use of DrotAA in everyday clinical practice, in addition to providing information on treatment variation across regions and countries. There were significant differences in most baseline characteristics between patients receiving DrotAA and those that did not. DrotAA-treated patients were younger, more severely ill and received higher levels of support but had fewer comorbidities. DrotAA-treated patients also had more Gram-positive and fungal infections, although the relevance of this, if any, is unclear, as microbiologic diagnosis would be anticipated to occur later than the decision to treat with DrotAA. Although in-hospital mortality was similar between groups, when adjusted for imbalances, DrotAA patients had significantly lower odds of death.
In comparing the PROGRESS severe sepsis registry with others, it should be noted that PROGRESS was an international registry. Previous analyses of DrotAA-treated patients have been registries for individual institutions or countries [7] [8] [9] [10] [11] [12] [13] [14] [15] . In all cases, including PROGRESS, there was higher disease severity and mortality in comparison to severe sepsis clinical trials. Mortality results for PROGRESS are broadly consistent with results of the other registries, which have generally reported a lower mortality with DrotAA treatment in either crude or adjusted mortality comparisons. This is important considering the different approaches used to address the lack of a randomized control group. Although the results presented for the PROGRESS registry do not resolve the risk/benefit controversy surrounding DrotAA treatment (i.e. no safety data collected), they do provide additional information from a much larger and diverse patient population that are consistent with previous data.
Although there were missing values for some variables, this occurrence was relatively uncommon and allowed for a more robust statistical analysis than would be possible with smaller cohorts, especially for subgroup analyses. In addition, the large number of centers and countries involved provided a more detailed and encompassing picture of how DrotAA is currently being prescribed in various countries around the world.
Following the publication of the surviving sepsis campaign (SSC) guidelines [23, 24] a number of countries and hospitals have reported improved outcome in critically ill patients following the introduction of these evidence-based sepsis 'bundle' protocols [25] [26] [27] [28] [29] [30] ; however, due to the nature of such studies, it is not possible to determine the relative contributions of the different interventions. When considering how evolving practice and institution of the SSC recommended guidelines may have affected mortality of the PROGRESS study, it is important to note that the first set of SSC guidelines were published in March 2004, and that recruitment in PROGRESS in many countries was largely completed by the end of 2004. Therefore, the SSC guidelines existed for only a small portion of the study duration, and thus the PROGRESS database will have a limited ability to detect the full effects of these guidelines. In PROGRESS, although individual country mortality may have Table 5 PROGRESS comorbidities increased or decreased over the duration of the study, overall mortality remained unchanged (data not shown).
Variable
The emerging picture of the patient being treated with DrotAA in the PROGRESS study is very interesting. In PROGRESS, DrotAA-treated patients were younger, had higher disease severity, received greater levels of supportive care, yet had fewer comorbidities compared with those not treated with DrotAA. This is somewhat different from the picture of a slightly older patient with several comorbidities and slightly less disease severity that has generally come from randomized, placebo-controlled clinical trials in severe sepsis. The finding that DrotAA-treated patients were more often referred from other ICUs or hospitals and had more supportive/expensive care suggests they may have been treated late in the course of the disease, perhaps as a rescue therapy in the younger patient, after other therapies had failed. It may also imply that there is a developing practice to use DrotAA on those patients perceived as having the best opportunity to improve (i.e. youngest with most physiologic reserve and best long-term prognosis). It appears 'real world' physicians treat patients differently than physicians participating in a clinical trial. Low rates of DrotAA usage have been noted in other registries [12, 31] , which in part may be related to clinicians waiting until patients have higher disease severity, compared with clinical trials [15] .
Referring to model development for mortality, given that data collection was not complete for all parameters, our intent was to use as simple a model as possible that provided rigorous, meaningful information. Many baseline imbalances were clinically meaningful, particularly age. Population quartiles, based on a propensity model, were developed to address these imbalances. Numerous mortality models were developed and presented. In general, the simplest models had lower performance statistics. Models with additional covariates increased the performance statistics only up to a point and then either the R 2 or goodness of fit statistic would suffer. The best models were those including age, seven ODs, and propensity quartiles in combination with additional statistically and clinically relevant covariates.
Country alone was not used as a covariate to predict either treatment administration or mortality primarily because of the † See Additional data file 1 for additional detail of propensity score methodology. Propensity quartiles represent subgroups in which the probability of receiving drotrecogin alfa (activated) was roughly constant. Imbalances in unobserved variables have not been accounted for as they would be in a randomized trial. 1 Organ Dysfunctions (OD). 2 Acute Physiology And Chronic Health Evaluation. APACHE II scores were missing for over 3300 patients. In models that include APACHE II score imputed, these missing values were imputed with the overall mean APACHE II score. 3 Active Cancer Description had several categories (e.g. hematologic, solid tumor etc.), while Active Cancer was categorical (i.e. Yes/No). 4 Region represents Europe, US/Canada, and Other. LMWH = low molecular weight heparin; VTE = venous thromboembolism.
wide variability in the number of patients that received DrotAA (i.e. approximately half of the countries had less than 10 patients that received DrotAA). However, there are likely to be other outside influences that inconsistently affected DrotAA usage across countries and could not be adjusted for in the model; for example, availability of DrotAA, methods of payment, reimbursement programs, and treatment philosophies of the country. APACHE II score was not used in the propensity model, due to the large number of missing observations. It was used for comparative purposes in the final mortality model. The most important conclusion from modeling was not the actual value presented for mortality reduction, rather that DrotAA treatment consistently reduced the risk of mortality regardless of the model used, when adjusted by data imbalances and demographic factors.
As with any observational study, there are inherent weaknesses with the PROGRESS study. The lack of a randomized control group clearly sets limitations to any inferences that might be drawn about the efficacy of DrotAA. A weakness of our approach to data collection was the reliance on local data entry without formal data monitoring against source records. Regarding site selection, sites within a country were not randomly selected. So it is possible that 'country' practice may not fully reflect the practice within that country, particularly for countries with relatively few sites. In addition, PROGRESS was not initiated in countries with well-established existing sepsis registries. Although PROGRESS involved large numbers of patients, there were still parameters with significant levels of missing measurements. This resulted in small patient numbers for certain characteristics and subgroups, which precluded rigorous statistical analyses. There were also characteristics not collected in the study, such as timing of OD and of various treatments received, which could have affected patient outcome. Relevant to this Wheeler and colleagues [15] recently reported a significant increase in hospital mortality rates in patients receiving DrotAA one or two or more calendar days after the diagnosis of severe sepsis, compared with those that received treatment on the day of diagnosis. Also relevant is that, not only were different centers and countries involved with different intra-and inter-country variability in standard of care, the various centers and countries were involved in the three-year study over different periods of time, which also could have affected the standard of care with evolving practice (e.g. SSC Guidelines [23, 24] . Because PROGRESS was an observational study, it is difficult to explicitly determine to what extent the observed geographic variations in mortality resulted from the differences in baseline characteristics of the patients entered, differences in therapies patients received, genetic components, or other unrecorded factors. It should also be noted that the PROGRESS study was not prospectively designed to examine mortality by DrotAA use. Finally, due to the observational nature of the study, adverse events and safety events were not recorded and no risk/benefit analysis possible.
Conclusions
The PROGRESS registry has helped document information on the use of DrotAA in everyday clinical practice and on treatment variation across regions and countries. DrotAA-treated patients were younger, more severely ill, received higher levels of support but had fewer comorbidities. Although safety information was not captured, when adjustments were made for imbalances, a significant reduction in the odds of death was observed for patients that received DrotAA compared with 
Key messages
• The PROGRESS registry is one of the largest, if not the largest, severe sepsis registry to date.
• PROGRESS registry patients treated with DrotAA were younger, more severely ill, and had fewer comorbidities than patients not receiving it.
• PROGRESS patients treated with DrotAA had a significant reduction in the odds of death when appropriate adjustments were made.
• These data are consistent with data from previous individual country registry data.
The following Additional files are available online:
Additional file 1
A word file containing a more detailed methodology of the propensity model development and a table (Table S1 in Additional data file 1) demonstrating the balance among baseline characteristics between the two treatment groups achieved in the propensity quartiles. See http://www.biomedcentral.com/content/ supplementary/cc7936-S1.docx
